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7KH 6HFRQG ,QWHUQDWLRQDO &RQIHUHQFH RQ 0LQLQJ (QJLQHHULQJ DQG 0HWDOOXUJLFDO
7HFKQRORJ\
7KH 5HVHDUFK RQ &KDUDFWHULVWLFV RI )ORZ )LHOG RI 6WLUUHG
3XOSPL[LQJ
=KHQ /LD -LRQJWLDQ /LXE <LMXQ &DRE
D6FKRRO RI &KHPLVWU\ DQG &KHPLFDO (QJLQHHULQJ ;L¶ $Q 8QLYHUVLW\ RI 6FLHQFH DQG 7HFKQRORJ\ ;L¶ $Q  &KLQD
E6FKRRO RI &KHPLFDO (QJLQHHULQJ DQG 7HFKQRORJ\  &KLQD 8QLYHUVLW\ RI 0LQLQJ DQG 7HFKQRORJ\ ;X]KRX &KLQD
$EVWUDFW
7R DFKLHYH WKH VXPPDU\ RI FKDUDFWHULVWLFV RI IORZ ILHOG RI VWLUULQJ SXOSPL[LQJ VWDUWLQJ IURP WKH VWXG\ RI PL[LQJ
FKDUDFWHULVWLFV RI W\SLFDO D[LDO IORZ ILHOG DQG UDGLDO IORZ ILHOG ZH DQDO\]H WKH PDLQVWUHDP F\FOH FKDUDFWHULVWLFV DQG
GHVSHUDWH VHFRQGDU\ IORZ ORRS SDWWHUQ  ODUJH D[LDO F\FOH LV D[LDOIORZ VHFRQGDU\ IORZ ORRS D[LDO GRXEOH ORRS LV
UDGLDOIORZ VHFRQGDU\ IORZ ORRS  RI WKH WZR NLQGV RI IORZ ILHOGV E\ GHFRORUDWLRQ :H FDQ VHH WKURXJK WKH DQDO\VLV RI
DPRXQW RI SRZHU GLVVLSDWLRQ DQG SDUDPHWHUV RI WKH PL[LQJ WLPH WKDW ZKLOH UDGLDO IORZ ILHOG XQGHUJRHV UDSLG PL[XS
PRUH HDVLO\ LW FRVWV PRUH HQHUJ\ WKDQ D[LDO IORZ ILHOG 6ROLGOLTXLG WZRSKDVH H[SHULPHQW ZDV WDNHQ WR LPLWDWH WKH
DFWXDO SURFHVV RI SXOSPL[LQJ :H FDQ VHH WKURXJK WKH DQDO\VLV RI GLVWULEXWLRQ RI PDWHULDOV LQ WKH WDQN XQGHU GLIIHUHQW
PL[LQJ PHFKDQLVP WKDW FRQFHQWUDWLRQ RI PDWHULDOV LQ VWLUUHG WDQN GHFUHDVHV PDLQO\ DORQJ WKH D[LDO GLUHFWLRQ WKH
LQIOXHQFH RI QRW IXOO\ PL[HG VHFWLRQ RI D[LDO IORZ ILHOG LV OHVV WKDQ UDGLDO IORZ ILHOG 7KH FKDUDFWHULVWLFV RI VWLUUHG IORZ
ILHOG KDYH EHHQ DQDO\]HG E\ FRUUHVSRQGLQJ QXPHULFDO VLPXODWLRQ
  3XEOLVKHG E\ (OVHYLHU /WG 6HOHFWLRQ DQGRU SHHUUHYLHZ XQGHU UHVSRQVLELOLW\ RI 6RFLHW\ IRU
5HVRXUFHV (QYLURQPHQW DQG (QJLQHHULQJ
.H\ZRUGV SXOSPL[LQJ IORZ ILHOG PL[LQJ FKDUDFWHULVWLFV VXVSHQVLRQ FKDUDFWHULVWLFV QXPHULFDO VLPXODWLRQ
 ,QWURGXFWLRQ
,Q WKH FXUUHQW SURFHVV RI PLQHUDO VKXQW IRU WKH SXUSRVH RI SURPRWLQJ PLQHUDO GLVWULEXWLRQ DQG LWV
VXUIDFH HIIHFW ZLWK DJHQWV SXOSPL[LQJ RSHUDWLRQ LV JHQHUDOO\ VHW XS EHIRUH IORWDWLRQ RSHUDWLRQ ZKLFK LV
UHDOL]LQJ KRPRJHQHRXV GLVSHUVLRQ DQG LWV VXUIDFH HIIHFW ZLWK DJHQWV WKURXJK VWLUUHG WDQN $Q HIILFLHQW
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SXOSPL[LQJ VWLUUHG WDQN FRXOG SURPRWH DOWHUQDWLYH DJHQWV WR FRYHU PLQHUDO SDUWLFOHV WR DFKLHYH JRRG
LQWHUIDFH EHKDYLRU VR WKDW QHFHVVDU\ PLQHUDOL]DWLRQ FRQGLWLRQV FDQ EH EURXJKW DERXW WKLV LV WKH SUHPLVH
DQG UHTXLUHPHQW WR DFKLHYH HIILFLHQW UHFRYHU\ RI PLQHUDOV >@7KRXJK WKH DSSOLFDWLRQ RI VWLUULQJ SXOS
PL[LQJ LV ZLGH WKHUH LV VWLOO ODFN RI VWXG\ RQ LWV DFWLRQ SURFHVV DQG VXPPDU\ > @ 7KH PDLQ SULQFLSOH RI
SURFHVV RI VWLUULQJ SXOSPL[LQJ LQYROYHV HQHUJ\ GLVVLSDWLRQ PDVV WUDQVIHU PHFKDQLVP K\GURPHFKDQLFV
HWF 7KLV GHFLGHV WKH FRPSOH[LW\ WR VWXG\ WKH PHFKDQLVP 0RPHQWXP WUDQVIHU LQ IORZ ILHOG LV QDWXUH RI
SURFHVV RI VWLUULQJ SXOSPL[LQJ VR IORZ ILHOG LQ VWLUUHG WDQN DQG HQHUJ\ GLVVLSDWLRQ GXULQJ WKH SURFHVV DUH
FRQWHQW ZKLFK QHHG WR EH VWXGLHG ZLWK IRFXV 7\SLFDO VWLUUHG IORZ ILHOG FDQ EH GLYLGHG LQWR WZR W\SHV 
D[LDO IORZ ILHOG DQG UDGLDO IORZ ILHOG DFFRUGLQJ WR GLIIHUHQFHV RI W\SHV RI LPSHOOHU FRQILJXUDWLRQ $W
SUHVHQW SUREOHPV MXVW OLNH VXLWDELOLW\ EHWZHHQ GLIIHUHQW REMHFWLYH VWLUUHG SURFHVV DQG IORZ W\SHV DQG
VXSSO\ VLWXDWLRQ RI FRUUHVSRQGLQJ DSSURSULDWH HQHUJ\ DUH QRW IXOO\ VROYHG >@ 6R UHVHDUFK DURXQG
FKDUDFWHULVWLFV RI IORZ ILHOG RI VWLUUHG SXOSPL[LQJ LV YHU\ QHFHVVDU\
1RPHQFODWXUH
'%7 GLUHFWEODGH RSHQLQJW\SH WXUELQH
3%7' SLWFKHGEODGH RSHQLQJW\SH WXUELQH GRZQIORZ
 ([SHULPHQWDO 'HVLJQ IRU IORZ ILHOG VWXG\
)LJ 7KH GHVLJQ IRU VWDQGDUG VWLUUHG WDQN
D 3%7' E '%7
)LJ 6FKHPDWLF GLDJUDP RI LPSHOOHU WS\HV XVHG
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6WLUUHG WDQN LQ WKH H[SHULPHQW LV PDGH RI WUDQVSDUHQW RUJDQLF JODVV LQ RUGHU WR REVHUYH PRYHPHQW RI
IOXLG LQ VWLUUHG WDQN 6L]H VHOHFWLRQ RI WDQN GHVLJQ LV LQ DFFRUGDQFH ZLWK VWDQGDUG VWLUUHG WDQN >@ ZKLFK LV
VKRZQ LQ )LJ &RUUHVSRQGLQJ IHDWXUH VL]H LV SXW LQ 7DEOH  $FFRUGLQJ WR FROOHFWHG ILHOG GDWD VWDUWLQJ
IURP SRLQW RI YLHZ RI JHQHUDO UHVHDUFK MXVW OLNH VKRZQ LQ )LJ FKRRVH '%7 DQG 3%7' ZLWK WKH VDPH
QXPEHU RI OHDYHV DV UHSUHVHQWDWLYHV RI UDGLDO WXUELQH DQG D[LDO WXUELQH UHVSHFWLYHO\ WR VWXG\ UHVSHFWLYH
UROH SURSHUWLHV XQGHU W\SLFDO IORZ ILHOG
7DEOH 7KH IHDWXUH VL]H RI VWLUUHG WDQN
7DQN VL]H FKDUDFWHUL]DWLRQ SDUDPHWHUV &' +' EG G'
5DWLR    
+PHDQV OLTXLG OHYHO LQ WDQN
 6WXG\ RQ PL[LQJ FKDUDFWHULVWLFV
5XQQLQJ ZDWHU LV XVHG DV H[SHULPHQW PHGLD $GMXVW RSHUDWLQJ VSHHG 1 RI PL[LQJ HTXLSPHQW DQG UHFRUG
FRUUHVSRQGLQJ RXWSXW SRZHU 3 WR PDNH D VWXG\ RQ HQHUJ\ SHUIRUPDQFH RI W\SLFDO PL[LQJ PHFKDQLVP RI
HIIHFW 0HDVXUH PL[LQJ WLPH șP E\ LRGLQH EOHDFKLQJ PHWKRG &DSWXUH LPDJHV E\ KLJKVSHHG PRPHQWXP
DQDO\]HU DV VXSSOHPHQW ZKLFK FDQ PDNH XS WKH VXEMHFWLYLW\ RI EOHDFKLQJ PHWKRG PHDVXUHPHQW
 %DVLF FRQILJXUDWLRQ RI IORZ ILHOG XQGHU PL[LQJ PHFKDQLVP
D 3%7' PL[LQJ SURFHVV
E '%7 PL[LQJ SURFHVV
)LJ 6FKHPDWLF GLDJUDP RI PL[LQJ SURFHVV
)LJ VKRZV WKH UHVSHFWLYH EOHDFKLQJ SURFHVV XQGHU PL[LQJ PHFKDQLVP RI W\SLFDO D[LDO IORZ ILHOG DQG
UDGLDO IORZ ILHOG )DGLQJ SDWK LQ PL[LQJ WDQN UHIOHFWV FRUUHVSRQGLQJ F\FOH PRGH DQG PL[LQJ HIIHFW 0L[LQJ
SURFHVV XQGHU 3%7' PL[LQJ PHFKDQLVP LV VKRZQ DV )LJD $V W\SLFDO D[LDO IORZ ILHOG IDGLQJ SDWK
VWDUWV IURP EHLQJ HQPHVKHG E\ LPSHOOHU WKHQ JRHV GRZQ DIWHU LPSHOOHU GLVFKDUJH IORZ VSUHDG IURP WDQN
ERWWRP VSUHDG DORQJ JURRYH ZDOO XSZDUGV UHWXUQ EDFN WR LPSHOOHU VHFWLRQ IURP WKH FHQWHU 7KXV D ELJ
D[LDO F\FOH PRGH UXQ WKURXJK WKH WDQN LV IRUPHG $W WKH VDPH WLPH REYLRXV ³&LUFXODWLRQ´ PRYHPHQW
H[LVWV LQ IORZ ILHOG PL[LQJ SURFHVV FDUULHV RQ XQGHU WKH FRPPRQ HIIHFW RI ELJ D[LDO F\FOH DQG FLUFXODWLRQ
PRYHPHQW 7KH H[LVWHQFH RI ³&LUFXODWLRQ´ VORZV GRZQ EOHDFKLQJ SURFHVV ZKLFK LV DGYHUVH IRU PL[LQJ RI
PDWHULDOV %HFDXVH RI LPSHOOHU GLVFKDUJH IORZ DUHDV XQGHU LPSHOOHU FRPSOHWH PL[LQJ SURFHVV ILUVW \HW
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EOHDFKLQJ SURFHVV RI FRUUHVSRQGLQJ WDQN ERWWRP DUHDV LV WKH VORZHVW $UHDV DERYH LPSHOOHU IDGH VORZO\
DQG PL[LQJ HIIHFW LV WKH ZRUVW QHDU VXUIDFH DQG WDQN ZDOO
)LJE VKRZV '%7 PL[LQJ SURFHVV $V W\SLFDO UDGLDO IORZ ILHOG IDGLQJ SDWK VWDUWV IURP EHLQJ
HQPHVKHG E\ LPSHOOHU DW WKH VDPH WLPH RI ULQJ PRYHPHQW HIIOXHQWV DORQJ UDGLDO GLUHFWLRQ DUH UHFWLILHG E\
JURRYH ZDOO DQG GLYLGHG LQWR WZR VKDUHV XS DQG GRZQ WKH XS IORZ JUDGXDOO\ WXUQV LQWR UDGLDO IORZ QHDU
VXUIDFH WKHQ LW LV HQPHVKHG EDFN E\ LPSHOOHU WR FRPSOHWH XS F\FOH WKH GRZQ IORZ LV UHFWLILHG E\ WDQN
ERWWRP WKHQ HQPHVKHG EDFN E\ LPSHOOHU WR FRPSOHWH GRZQ F\FOH 7KXV IORZ PRGHO LV IRUPHG ZLWK WKH
FRPPRQ HIIHFW RI FLUFXODWLRQ DQG D[LDO GRXEOH ORRS LQ WKH WDQN 0L[LQJ HIIHFW LQ WKH FHQWHU RI WDQN ERWWRP
DQG DUHDV QHDU VXUIDFH WDQN ZDOO LV SRRU
 $QDO\VLV RI F\FOH PRGH RI IORZ ILHOG
6WLUUHG WDQN IORZ ILHOG LV WKH FRPPRQ UHVXOW RI PDLQVWUHDP DQG VHFRQGDU\ IORZ >@ 0DLQ VWUHDP LV
WDQJHQWLDO IORZ SURGXFHG E\ URWDWLRQ RI LPSHOOHU EODGH IRU D[LDOIORZ IORZ ILHOG DQG UDGLDO IORZ ILHOG
ERWK PDLQ ORRSV FRUUHVSRQG SKHQRPHQRQ ³&LUFXODWLRQ´ LQ VWLUUHG WDQN 6HFRQGDU\ IORZ YDULHV DFFRUGLQJ
WR WKH GLIIHUHQW SDWWHUQV RI LPSHOOHU GLVFKDUJH IORZ ,PSHOOHU GLVFKDUJH IORZ RI D[LDO IORZ ILHOG LV D[LDO
WKHUHIRUH LWV VHFRQGDU\ IORZ ORRS LV ODUJH D[LDO F\FOH 5DGLDO LPSHOOHU GLVFKDUJH LV VHFRQGDU\ IORZ ORRS RI
UDGLDO IORZ ILHOG VR LWV VHFRQGDU\ IORZ ORRS LV D[LDO GRXEOH ORRS LQ WDQN
 $QDO\VLV RI PL[LQJ FKDUDFWHULVWLFV GXULQJ SURFHVV RI PL[LQJ
6WXG\LQJ SRZHU LQSXW RI XQLW YROXPH XQGHU GLIIHUHQW ZKLUOLQJ VSHHG WKDW LV WKH DPRXQW RI SRZHU
GLVVLSDWLRQ 39 39  39ˈ3 UHSUHVHQWV SRZHU LQSXW RI IOXLG LQ WDQN 9 PHDQV HIIHFWLYH YROXPH RI WDQNˈ
SRZHU FRQVXPLQJ VLWXDWLRQ XQGHU GLIIHUHQW PL[LQJ PHFKDQLVP FDQ EH LQWXLWLYHO\ NQRZQ ,Q DGGLWLRQ
XQGHU WKH VDPH FLUFXPVWDQFH WKH VKRUWHU șP LV WKH PRUH DGHTXDWH PL[LQJ WLPH RI FRUUHVSRQGLQJ PL[LQJ
PHFKDQLVP LV WKXV PDWHULDOV PL[ LV HDVLHU WR DFKLHYH )LJ VKRZV FKDQJLQJ FKDUDFWHULVWLF FXUYH RI 39
DQG șP DFFRUGLQJ WR FRUUHVSRQGLQJ PL[LQJ PHFKDQLVP XQGHU GLIIHUHQW ZKLUOLQJ VSHHG
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)LJ 6FKHPDWLF GLDJUDP RI LPSHOOHU WS\HV XVHG
(IIHFW RI RSHUDWLQJ SDUDPHWHUV
$V 1 LQFUHDVHV 39 LQFUHDVHV UDSLGO\ ZLWK PDUJLQ RI JUDGXDOO\ LQFUHDVLQJ $W WKH VDPH WLPH JDS RI
HQHUJ\ FRQVXPLQJ EHWZHHQ GLIIHUHQW PL[LQJ PHFKDQLVPV LV JUDGXDOO\ PRUH DQG PRUH REYLRXV 7KH
FKDQJLQJ FKDUDFWHULVWLFV RI șP LV RSSRVLWH DV 1 LQFUHDVHV șP GHFUHDVHV UDSLGO\ ZLWK PDUJLQ RI JUDGXDOO\
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GHFUHDVLQJ DW WKH VDPH WLPH JDS RI HQHUJ\ FRQVXPLQJ EHWZHHQ GLIIHUHQW PL[LQJ PHFKDQLVP LV JUDGXDOO\
VPDOOHU DQG VPDOOHU
(IIHFW RI SDWWHUQV RI IORZ ILHOG
8QGHU WKH VDPH RSHUDWLQJ FRQGLWLRQV 39 LV VPDOOHU ZKLOH șP LV ORQJHU LQ SURFHVV RI D[LDO IORZ ILHOG 39
LV ELJJHU șP LV VKRUWHU ZKLOH HQHUJ\ FRQVXPLQJ LV KLJKHU LQ SURFHVV RI UDGLDO IORZ ILHOG
 6WXG\ RQ VXVSHQVLRQ FKDUDFWHULVWLFV RI PDWHULDOV GXULQJ SURFHVV RI PL[LQJ
7KH UROH RI WKH REMHFW RI VWLUUHG SXOSPL[LQJ LV FRPSOH[ VROLGOLTXLG WZRSKDVH PHGLD VR EDVHG RQ
VWXG\ VLQJOH SKDVH LW¶V HVSHFLDOO\ LPSRUWDQW WR DQDO\]H FKDUDFWHULVWLFV RI PL[LQJ PHFKDQLVP RQ PXOWL
SKDVH PHGLD 7DNH ZDWHU DV OLTXLG FKRRVH JODVV EHDGV ȡJODVV JFPZLWK ILYH SDUWLFOH VHULHV 
    PP DV VROLG SKDVH WR VWXG\
VXVSHQVLRQ FKDUDFWHULVWLFV RI PDWHULDOV XQGHU GLIIHUHQW PL[LQJ PHFKDQLVP ,Q WKH H[SHULPHQW ZKLUOLQJ
VSHHG LV OLPLWHG WR 1 USPˈFRQFHQWUDWLRQ RI PDWHULDOV LV 
 6DPSOH SRLQW VHOHFWLRQ DQG GDWD SURFHVVLQJ
 6DPSOH SRLQW VHOHFWLRQ
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)LJ 6DPSOH SRLQWV GLVWULEXWLRQ
,Q WKH YLHZ RI JHRPHWU\ WKUHHGLPHQVLRQDO IORZ LQ WDQN LV TXDUWHU RI WKH D[LV\PPHWULF 2Q WKH EDVLV RI
WKLV LW FDQ EH VXUH WKDW TXDUWHU RI WDQN LV VDPSOLQJ DUHD IRU VWXG\ 6DPSOH SRLQWV GHVLJQ LV VKRZQ LQ )LJ
WDNH D[LDO GLPHQVLRQOHVV SDUDPHWHUV ]+ DV D[LDO VDPSOLQJ SRLQW WDNH UDGLDO GLPHQVLRQOHVV SDUDPHWHUV
U' DV UDGLDO VDPSOLQJ SRLQW VHW FHQWHU RI WDQN ERWWRP DV RULJLQ ] DV D[LDO FRRUGLQDWHV U DV UDGLDO
FRRUGLQDWHV WDNH WKUHH XQLIRUPO\ GLVWULEXWHG SRVLWLRQ DORQJ ZKLUOLQJ GLUHFWLRQ RI LPSHOOHU ȕ   DV
WDQJHQWLDO VDPSOLQJ SRLQWV
6DPSOH SRLQW GDWD SURFHVVLQJ
7DNH VXVSHQVLRQ SHUFHQWDJH DV UHSUHVHQW VROLG FRQWHQW RI VDPSOH WR DQDO\]H GHQVLW\ 7KH GHILQLWLRQ
LV
VXVSHQVLRQ SHUFHQWDJH 
WDQNZKROHRITXDOLW\DYHUDJHRISHUFHQWDJH
SRLQWVDPSOLQJRITXDOLW\VROLGRISHUFHQWDJH 
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)RU VDYLQJ VSDFH RI WKLV DUWLFOH WKHUH LV RQO\ DQDO\VLV RI GLVWULEXWLRQ VLWXDWLRQ ĳĭ RI VXVSHQVLRQ
SHUFHQWDJH RI PP WKLQ SDUWLFOH OHYHO PDWHULDO XQGHU GLIIHUHQW PL[LQJ PHFKDQLVP
 'LVWULEXWLRQ FKDUDFWHULVWLFV RI PDWHULDOV XQGHU WKH HIIHFW RI VWLUUHG IORZ ILHOG
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)LJ  D 'LVWULEXWLRQ RI PP PDWHULDOV XQGHU WKH DFWLRQ RI D[LDO IORZ ILHOG E 'LVWULEXWLRQ RI 
PP PDWHULDOV XQGHU WKH DFWLRQ RI UDGLDO IORZ ILHOG
)LJD VKRZV PDWHULDOV GLVWULEXWLRQ VLWXDWLRQ LQ WDQN XQGHU WKH HIIHFW RI W\SLFDO D[LDO IORZ ILHOG 7KHUH
LV FRQFHQWUDWLRQ JUDGLHQW IURP WDQN ERWWRP WR QHDU VXUIDFH DORQJ D[LDO GLUHFWLRQ ZKHQ WKLQ PDWHULDOV
VXVSHQGHG D[LDO FRQFHQWUDWLRQ JUDGLHQW LV VPDOOHU ZLWKLQ D FHUWDLQ KHLJKW DQG UDGLDO FRQFHQWUDWLRQ
JUDGLHQW LV VPDOOHU UHODWHG WR HYHU\ D[LDO SRVLWLRQ ZLWK WKH LQFUHDVHPHQW RI D[LDO KHLJKW OHYHO RI PDWHULDOV
VXVSHQVLRQ UHGXFHV UDSLGO\ UDGLDO FRQFHQWUDWLRQ JUDGLHQW LV HVSHFLDOO\ REYLRXV QHDU VXUIDFH 7KHUH LV QR
REYLRXV WDQJHQWLDO GLVFLSOLQH RI FRQFHQWUDWLRQ JUDGLHQW
)LJE VKRZV PDWHULDOV GLVWULEXWLRQ VLWXDWLRQ LQ WDQN XQGHU WKH HIIHFW RI W\SLFDO UDGLDO IORZ ILHOG
0DWHULDOV FRQFHQWUDWLRQ LV REYLRXVO\ KLJK LQ DUHDV RI WDQN ERWWRP FHQWHU PHDQV WKDW PDWHULDOV GHSRVLWLRQ
RFFXUV HDVLO\ :LWK WKH LQFUHDVHPHQW RI D[LDO KHLJKW OHYHO RI PDWHULDOV VXVSHQVLRQ UHGXFHV UDSLGO\ UDGLDO
FRQFHQWUDWLRQ JUDGLHQW RI PDWHULDOV JUDGXDOO\ LQFUHDVHV UDGLDO FRQFHQWUDWLRQ JUDGLHQW LV HVSHFLDOO\ REYLRXV
QHDU VXUIDFH 7KHUH LV QR REYLRXV WDQJHQWLDO GLVFLSOLQH RI FRQFHQWUDWLRQ JUDGLHQW
 $QDO\VLV RI VXVSHQVLRQ FKDUDFWHULVWLFV RI PDWHULDOV GXULQJ SURFHVV RI PL[LQJ
&RQVLVWHQW ZLWK UHVXOWV RI GHFRORUL]DWLRQ H[SHULPHQW ³&LUFXODWLRQ´ EDUHO\ KDV HIIHFW RI D[LDO PL[LQJ
HVSHFLDOO\ DFWV RQ VROLGOLTXLG WZRSKDVH PHGLD 3RZHU E\ FHQWULIXJDO IRUFH PDNHV VROLG SDUWLFOHV WKURZ
RII WR JURRYH ZDOO WKHUHE\ VHSHUDWLRQ RU VWUDWLILFDWLRQ KDSSHQV LQVWHDG RI PL[LQJ VR XQGHU WKH HIIHFW RI
PDLQVWUHDP F\FOH WKHUH LV KLJK OHYHO RI PDWHULDOV VXVSHQVLRQ QHDU JURRYH ZDOO
&KDQJH RI FRQFHQWUDWLRQ JUDGLHQW LQ WDQN LV PDLQO\ D[LDO FKDQJH FRQGLWLRQ RI PDWHULDOV VXVSHQVLRQ LV
ILQH LQ DUHDV RI WDQN ERWWRP RZLQJ WR FRQFHQWUDWHG HIIHFW RI VHFRQGDU\ IORZ F\FOH :KHUHDV XQGHU
GLIIHUHQW PL[LQJ PHFKDQLVP WKHUH DOO RFFXUV SKHQRPHQRQ RI UDSLGO\ GHFUHDVLQJ RI OHYHO RI PDWHULDOV
VXVSHQVLRQ LQ KLJK OHYHO ZKLFK VKRZV WKDW WKH D[LDO IORZ HQHUJ\ LV DOPRVW RYHU HIIHFWLYH UDQJH RI
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VHFRQGDU\ IORZ F\FOH FDQ EH UHIOHFWHG FRQVLVWHQW ZLWK SRRU PL[LQJ SKHQRPHQRQ QHDU VXUIDFH LQ
GHFRORUL]DWLRQ H[SHULPHQW
5HODWLYH WR D[LDO IORZ ILHOG SRRU PL[LQJ VHFWLRQ WKDW FDQ FDXVH PDWHULDO GHSRVLWLRQ PRUH HDVLO\
RFFXUV LQ FHQWHU RI WDQN ERWWRP RI UDGLDO IORZ ILHOG FRQVLVWHQW ZLWK SRRU PL[LQJ SKHQRPHQRQ LQ FHQWHU RI
WDQN ERWWRP LQ GHFRORUL]DWLRQ H[SHULPHQW
 1XPHULFDO VLPXODWLRQ DQDO\VLV RI PL[LQJ PHFKDQLVP
,Q WKLV DUWLFOH )/8(17 LV XVHG WR QXPHULFDO VLPXODWH SURFHVV RI W\SLFDO D[LDO IORZ ILHOG DQG
UDGLDO IORZ ILHOG VR WKDW PL[LQJ FKDUDFWHULVWLFV FDQ EH DQDO\]HG IXUWKHU
 0RGHOV RI QXPHULFDO FDOFXODWLRQ DQG ERXQGDU\ FRQGLWLRQV
6HW 1 USP LQ QXPHULFDO FDOFXODWLRQ ZRUNLQJ PHGLD LV ZDWHU 0RGHO RI WXUEXOHQFH FKRRVHV
VWDQGDUG Nİ PRGHO DOJRULWKP RI GLVFUHWH YDOXH DQDO\VLV WDNHV DOJRULWKP RI VHSDUDWH LPSOLFLW VWHDG\VWDWH
6LPXODWLRQ RI LPSHOOHU ZKLUOLQJ WDNHV PRGHO RI 05) &KRRVH WKH ZKROH VHFWLRQ RI IORZ ILHOG DV
FDOFXODWLRQ GRPDLQ JULG RI LPSHOOHU VHFWLRQ WDNHV QRQVWUXFWXUHG WHWUDKHGURQ JULG RXW RI LPSHOOHU VHFWLRQ
WDNHV KH[DKHGUDO VWUXFWXUH
%DVHG RQ 05) PHWKRG IOXLG LQ DFWLYH VHFWLRQLPSHOOHU VHFWLRQLV VHW WR ZKLUO DV WKH VDPH VSHHG RI
VWLUUHG LPSHOOHU VWLUUHG LPSHOOHU LV LQ DFWLYH VHFWLRQ DQG LV VHW DV UHODWLYH VWLOO FRQGLWLRQ WKDW LV ZKLUOLQJ
VSHHG LV VWLUULQJ D[LV ORFDWHV DW VWLOO VHFWLRQ OLTXLG PRYHV LQ UHODWLYH VHFWLRQ ZKLFK LV VHW DV ZKLUOLQJ
ZDOO FRQGLWLRQ *URRYH ZDOO LV GHILQHG DV QRVOLS VWLOO ZDOO ERXQGDU\ FRQGLWLRQ 7RS RI WDQN LV VXSSRVHG WR
EH ULJLG DQG VHW DV V\PPHWULFDO ERXQGDU\
 )HDWXUH DQDO\VLV RI VWLUULQJ IORZ ILHOG
F ]+  G ]+ 
E ]+ D ]+ 
)LJ  9HUWLFDO VHFWLRQ DQG FKDUDFWHULVWLF FURVV VHFWLRQV YHORFLW\ YHFWRUV RI D[LDO IORZ ILHOG PV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E ]+ D ]+ 
F ]+  G ]+ 
)LJ  9HUWLFDO VHFWLRQ DQG FKDUDFWHULVWLF FURVV VHFWLRQV YHORFLW\ YHFWRUV RI UDGLDO IORZ ILHOG PV
9HORFLW\ YHFWRUV RI D[LDO IORZ ILHOG DQG UDGLDO IORZ ILHOG VLPXODWHG DUH VKRZQ LQ )LJ DQG )LJ LQ WKDW
DaG DUH FURVVVHFWLRQ YHORFLW\ YHFWRUV FKDUDFWHULVWLF FURVV YHUWLFDO VHFWLRQV UHVSHFWLYHO\ UHIOHFWLQJ IORZ
ILHOG GLVWULEXWLRQ FRQGLWLRQ RI WDQN ERWWRP LPSHOOHU VHFWLRQ LPSHOOHU VHFWLRQ DERYH DQG VHFWLRQ QHDU
VXUIDFH 1R PDWWHU D[LDO IORZ ILHOG DQG UDGLDO IORZ ILHOG IRU H[FHSWLRQ LPSHOOHU VHFWLRQ LQKDOHV DQG WKURZV
RII IOXLG PRVW VHFWLRQ RI IORZ ILHOG H[LVWV REYLRXV WDQJHQWLDO FRPSRQHQW RI IORZ SDUDOOHOHG WR
³&LUFXODWLRQ´ ZKLFK LV PDLQVWUHDP F\FOH RI IORZ ILHOG WKHUH DUH DOO PL[LQJ IORZ ILHOG H[LVWLQJ RQ WRS RI
VWLUUHG WDQN ZKRVH ZKLUOLQJ VSHHG LV VORZ FRUUHVSRQGHG WR HIIHFWLYH UDQJH RI VHFRQGDU\ IORZ F\FOH
6SHHG LQ PDLQ F\FOH VHFWLRQ RI D[LDO IORZ ILHOG LV GLVWULEXWHG IODWO\ YDOXH RI VSHHG LV VPDOO %HVLGHV
VHFRQGDU\ IORZ RI ELJ D[LDO FLUFXODWLRQ IOXLG IORZ SDWWHUQ RI QHDU WDQN ERWWRP FHQWHU LV RSSRVLWH WR
GLUHFWLRQ RI LPSHOOHU HIIOXHQWV :KLUOLQJ VSHHG LQ WKLV VHFWLRQ LV VPDOO SRRU PL[LQJ SKHQRPHQRQ RU
PDWHULDO DFFXPXODWLRQ HDVLO\ RFFXU FRUUHVSRQGLQJ WR SRRU PL[LQJ VHFWLRQ RI WDQN ERWWRP RI D[LDO IORZ
ILHOG
7ZR VHFRQGDU\ IORZ F\FOH XS DQG GRZQ RI UDGLDO IORZ ILHOG IRUP WZR HGG\ VHFWLRQ %HFDXVH RI
LQWHUDFWLRQ RI V\PPHWULFDO IORZ RI GRZQ F\FOH FHQWHU DUHD QHDU WDQN ERWWRP DSSHDUV SKHQRPHQRQ RI ORZ
ZKLUOLQJ VSHHG FRUUHVSRQGLQJ WR SRRU PL[LQJ VHFWLRQ RI WDQN ERWWRP RI UDGLDO IORZ ILHOG 5HODWLYH WR D[LDO
IORZ ILHOG UDQJH RI WDQN ERWWRP SRRU PL[LQJ DUHD RI UDGLDO IORZ ILHOG LV ODUJHU DQG IOXLG VSHHG LV VPDOOHU
LQ SRRU PL[LQJ DUHD WKLV LV WKH IXQGDPHQWDO UHDVRQ WKDW WDQN ERWWRP SRRU PL[LQJ DUHD RI UDGLDO IORZ ILHOG
LV PRUH REYLRXV WKDQ D[LDO IORZ ILHOG
 6XPPDU\
 $[LDO IORZ ILHOG LV D F\FOH W\SH ZKLFK LV VXSHUSRVLWLRQ RI ³&LUFXODWLRQ´ DQG VHFRQGDU\ ORRS ELJ D[LDO
F\FOH UDGLDO IORZ ILHOG LV VXSHUSRVLWLRQ RI ³&LUFXODWLRQ´ DQG VHFRQGDU\ ORRS D[LDO GRXEOH F\FOH
³&LUFXODWLRQ´ DV PDLQVWUHDP F\FOH LV EDG IRU PL[LQJ DQG VXVSHQVLRQ RI PDWHULDOV LQ WDQN VHFRQGDU\ ORRS
F\FOH GHFLGHV PL[LQJ HIIHFW RI PDWHULDOV LQ WDQN
 $QDO\]H PL[LQJ FKDUDFWHULVWLFV GXULQJ VWLUULQJ SURFHVV ZKHQ 1 LQFUHDVHV WR FHUWDLQ OHYHO WUHQG RI
GHFUHDVLQJ RI șP WXUQV VORZO\ ZKLFK LOOXVWUDWHV LW LV LQHIILFLHQW DQG LQIOH[LEOH WR VROYH WKH LQVXIILFLHQW
SUREOHP RI SXOSPL[LQJ MXVW E\ LQFUHDVLQJ 1
 8QGHU WKH VDPH RSHUDWLQJ FRQGLWLRQV WKRXJK UDGLDO IORZ ILHOG KDV VRPH DGYDQWDJHV LQ UDSLGO\
PL[LQJ ZKLOH REYLRXV VKRUWFRPLQJV MXVW OLNH KLJK HQHUJ\ FRQVXPLQJ DQG SRRU PL[LQJ VHFWLRQ RI WDQN
ERWWRP FDQ EH VKRZQ
 5HVXOWV RI QXPHULFDO VLPXODWLRQ FRUUHVSRQG PDLQVWUHDP F\FOH RI VWLUUHG IORZ ILHOG LQ WKH H[SHULPHQW
F\FOH FKDUDFWHULVWLFV RI VHFRQGDU\ ORRS DQG FRUUHVSRQGLQJ SRRU PL[LQJ SKHQRPHQRQ EDVHG RQ HYDOXDWLRQ
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RI FRUUHFWQHVV DERXW H[SHULPHQWDO UHVXOWV &RQGLWLRQV DUH FUHDWHG WR IXUWKHU GLVFXVV GLVFLSOLQHV RI HIIHFW RI
VWLUUHG PHFKDQLVP
 7KLV UHVHDUFK SURYLGHV QHFHVVDU\ EDVLF WKHRU\ VXSSRUW IRU LQYHVWLJDWLRQ DQG GHYHORSPHQW RI KLJK
HIILFLHQW SXOSPL[LQJ WHFKQLTXH ZKLOH GXH WR FRPSOH[LW\ RI HQJLQHHULQJ FRQGLWLRQ DV ZHOO DV OLPLW RI
PHDVXUHPHQWV IXUWKHU VWXG\ LV WR EH FRPSOHWHG
$FNQRZOHGJHPHQWV
)LQDQFLDO VXSSRUWV IRU WKLV UHVHDUFK SURYLGHG E\ .H\ 3URMHFWV LQ WKH 1DWLRQDO 6FLHQFH 	 7HFKQRORJ\
3LOODU 3URJUDP GXULQJ WKH (OHYHQWK )LYH<HDU 3ODQ 3HULRG 1R %$%% 6FLHQWLILF 5HVHDUFK
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